ABSTRACT. Saline stress is one of the primary factors limiting increased rice productivity in the southern region of Brazil. Farming can be affected by salinity that is due to both the origin of the soils as well as the irrigation water. Lipid transfer proteins (LTPs) have many physiological functions, including in the response to saline stress. Therefore, the objective of this study was to quantify the relative expression of 11 genetic isoforms that encode LTP1-type proteins in rice genotypes tolerant and sensitive to saline stress in the vegetative period. When the plants reached development stage V4, alternating irrigation was started with nutritive solution and water containing 150 mM NaCl. The LTP7 gene showed an increase in expression by 13.81-fold after 96 h of stress exposure in the saline-tolerant group, whereas the LTP10 gene expression level was increased by 71.10-fold after 96 h in the saline-sensitive group. The LTP26, LTP23, and LTP18 genes showed increased expression in both genotypes; however, the expression levels and response times were different. Thus, LTP7 and LTP10 showed the highest response to salinity. The LTP18, LTP23, and LTP26 genes were negatively correlated with the response to salinity.
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Studies have examined the physiological role of LTP proteins (Carvalho and Gomes, 2007) to identify genetic isoforms through alignments in the data bank for phylogenetic analyses of different species (Boutrot et al., 2008; Wang et al., 2012) and to describe the structure of these proteins (Pacios et al., 2012) . However, functional studies are also important for determining the differential expression of these genes using specific expression techniques such as real-time quantitative-polymerase chain reaction (RT-qPCR).
Thus, the objective of this study was to evaluate the differential expression of 11 genes encoding members of the LTP1 protein family in rice cultivars tolerant and sensitive to saline stress in order to identify genetic isoforms that are potentially responsive to this environmental condition.
MATERIAL AND METHODS

In silico identification of LTP1 genes of rice
To search for possible LTP genes, the information contained in the Phytozome v.9.1 databank of genetic families was used, selecting only the sequences of proteins annotated with the HMMPfam PF00234 domain (plant lipid transfer/seed storage/trypsin-alpha amylase inhibitor). Using information from the locus name, the ID number (OsXg....), and sequences of amino acids encoded by each of the possible sequences of LTP genes, we detected transcription using the ID converter tool available in the rice databank RAP-DB. The amino acid sequences were then aligned in the Conserved Domains and Protein Classification bank deposited in the National Center for Biotechnology Information to verify whether the sequences contained the conserved motif of 8 cysteine residues (C. .. C. .. CC ... CXC ... C. .. C). Alignments with a statistical e-value ≤ e -10 and identification code [cd01960], which are characteristic of LTP1 proteins, were considered to be significant.
Furthermore, ProtParam tools (http://web.expasy.org/protparam) were used to analyze the physical-chemical parameters, and WoLF PSORT was used to predict the subcellular localization of LTP proteins.
The location of each LTP1 gene on the chromosome was determined using information from annotations contained in the RAP-DB.
Expression profile of LTP1 genes
Analysis of expression based on experimental data
Rice seeds (O. sativa L.) from the BRS Bojuru (tolerant to salt) and BRS Ligeirinho (sensitive to salt) genotypes were disinfected with 1% hypochlorite for 24 h and incubated in a biological oxygen demand Eletrolab EL202 incubator (São Paulo, Brazil) with a 12-h photoperiod at 25° ± 2°C for 10 days. After this period, the seedlings were transferred to 500-mL plastic pots containing sand as a substrate in a greenhouse and irrigated, alternating every 2 days with water and a Hoagland and Arnon (1938) nutritive solution.
When the plants reached the V 4 development stage, they were subjected to alternating irrigation with a nutritive solution and water containing 150 mM NaCl, including 100 mL/pot. The NaCl concentration was chosen based on data from the literature for experiments with saline stress in rice (Hong et al., 2007; Karan et al., 2012; Abbas et al., 2013) .
The collection of leaves for analyses was performed in the morning at 24-h intervals and designated as C1, C2, C3, C4, and C5, where C1 were plants not exposed to stress (control); C2, C3, C4, and C5 were exposed to 24, 48, 72, and 96 h of stress, respectively. The experimental design was entirely random, in a 2 x 5 factorial scheme (2 genotypes x 5 collections), and 3 biological repetitions were conducted, with each repetition comprising 3 pots containing 5 plants each.
Total RNA extraction and synthesis of cDNA Total RNA was extracted from 100 mg leaves, according to the method described for the Plant RNA Reagent Purelink ® reagent (Invitrogen, Carlsbad, CA, USA). The quantity and purity of RNA were measured using a NanoDrop ND-1000 spectrometer (GE Healthcare, Little Chalfont, UK), while the quality and integrity of the RNA were verified using gel electrophoresis on a 1.0% agarose gel. Single-stranded cDNAs were synthesized by reverse transcription from 2 mg total RNA using the oligoDT primer and a SuperScript First-Strand Synthesis System for reverse transcription-PCR (Invitrogen).
Primer design and efficiency
Based on the nucleotide sequences of the transcripts, the primers were designed using the Primer Express v.3.0 (Applied Biosystems, Foster City, CA, USA), BioEdit v.7.0 (http://www. mbio.ncsu.edu/bioedit/bioedit.html), and PerlPrimer v.1.1.21 (http://perlprimer.sourceforge.net/) software programs. Primers were selected with annealing temperatures from 58° to 60°C and amplicon sizes from 50 to 150 base pairs, designed towards the 3' end, with the absence of dimer formation, cross-dimers, and hairpins. Prior to primer design, alignments were performed between the possible isoforms of the selected LTPs to guarantee the specificity of each primer set.
The specificity and standard efficiency curve of the primers were evaluated for each genotype, and the average efficiency was later calculated between both genotypes. Initially, the specificity of each primer set was verified based on the melting curve, and only primers with specific amplicons, which were those showing a single dissociation peak of the strands for the PCR products, were retained.
PCR efficiency was obtained from 4 serial dilutions of cDNA (1:1; 1:5, 1:25, and 1:125) to generate a standard curve for each primer pair tested. The value of PCR efficiency was calculated according to the equation of Rasmussen (2001) , with efficiency values between 1.8 and 2.2 considered acceptable and corresponding to a reaction efficiency of 90-110%. The reactions were performed in triplicate for each cDNA dilution. The primers used in this study are listed in Table 1 .
Relative quantification
The total volume of the real-time qPCR was 12.0 mL, containing 6.25 mL SYBR Green fluorophore (Applied Biosystems), 0.25 mL 10 mM of each primer (forward and reverse), 1.0 mL cDNA (1:25 dilution, as previously defined), and 4.25 mL ultra-pure water. The reactions were performed in a Bio-Rad CFX Real-Time Thermocycler (Hercules, CA, USA) using the following amplification parameters: 95°C for 10 min, 40 cycles of 95°C for 15 s, 60°C for 1 min with insertion of the melting curve from 65 to 95°C, and 72°C for 10 min with an increase of 5°C with each measure of fluorescence. Three technical repetitions were performed (triplicate) for each biological repetition.
Gene
Forward primer (5'-3') Reverse primer (5'-3') Efficiency Table 1 . LTP genes with their respective accession Nos., forward and reverse primer sequences designed from the transcripts, and average primer efficiencies.
The relative quantification of expression (RQ) was calculated using the comparative threshold cycle method (Livak and Schmittgen 2001) , using the equation RQ = 2 -∆∆Ct . Based on the RQ values, analysis of variance (proc glm) was used to test possible variations for the salt exposure times and genotype in an isolated manner, as well as their interaction, with values of P ≤ 0.05 considered significant. The analyses were performed using SAS Algorithm v.9.3 software (SAS Institute Inc., Cary, NC, USA).
The ubiquitin10 gene (AK101547) was selected as an internal reaction standard according to Moraes et al. (2015) . It was previously selected from 9 other standard candidates (Actin11, Ubiquitin-E2, Eukaryotic elongation factor 1a, Glyceraldehyde-3-phosphate dehydrogenase, b-tubulin, Eukaryotic initiation factor 4a, Ubiquitin5, Aquaporin Tip41, and Cyclophilin), tested using the same experimental samples used in this study.
Similarity and heatmap of LTP1 gene expression
The similarity, grouping, and heatmap analyses were performed based on the RQ values. The Euclidean distance was used to calculate similarity, the unweighted pair group method with arithmetic mean was used for grouping, and the proc sgrender procedure was used for the heatmap using the SAS v.9.3 software.
Correlation analysis of LTP1 gene expression
To measure the strength of the correlation of expression between the LTP genes, the Pearson correlation coefficient was calculated and was represented graphically using a heatmap. The analyses were performed using the SAS v.9.3 software, using the proc corr and proc sgrender procedures.
RESULTS
Based on the search performed of the Phytozome databank, 158 genes described as LTPs were identified; however, only 14 genes met the selection criteria and were selected for analysis ( Figure 1, Table 2 ). Figure 1 . Alignment of the amino acid sequences of the LTP proteins from rice (Oryza sativa L.), highlighting the conserved cysteine residues. Multiple alignment was performed using ClustalW. 
Expression analysis
In the analysis of amplification specificity, the melting curves showed that the selected primers had single, very well-defined peaks, confirming the specificity of the amplified product with efficiencies varying from 1.8 to 2.2 ( Figure S1) . A significant effect was observed for the interaction between genotype and collection factors for all evaluated genes. The LTP8, LTP12, and LTP13 genes showed the lowest variations in the RQ as a function of time of exposure to stress. The LTP12 and LTP13 genes were fit to the cubic equations for both genotypes. For BRS Bojuru, the highest expression levels were observed between the 48-and 72-h time periods for LTP12 and at 24 h for LTP13, indicating that these genetic isoforms were the least responsive to salinity (Figure 2A, B and C) .
A quadratic response was observed for the RQ of the LTP7 gene, with increases found in the expression levels at 96 h of exposure to stress; however, this increase was more accentuated in BRS Bojuru, at 13.8-fold higher than the control ( Figure 2D ).
The LTP14 gene was fit to a cubic equation for both genotypes, with an increase up to 72 h, followed by a decrease. The LTP25 and LTP10 genes showed the most contrasting responses between genotypes. In BRS Bojuru, a quadratic regression curve was fit to LTP25, while a cubic curve was fit to LTP10, with an increase in the transcript levels up to 72 h. For BRS Ligeirinho, similar values to the control were observed until 72 h of stress exposure, which was 23.28-fold higher than the control levels of the LTP25 gene after this period; there was an increase in the expression level of the LTP10 gene over the 48-h exposure to stress, reaching 71.10-fold higher than the normal level in the 96-h time period (Figure 2E, F, G) . Regression analysis for the LTP17 gene revealed a quadratic response for the 2 genotypes, with the highest expression values found at 48 h of saline stress ( Figure 2H ). The LTP18, LTP26, and LTP23 genes were among the most responsive to NaCl treatment. Significant increases in expression were observed over the time of exposure to salinity for the 2 genotypes ( Figure 2I, K and J) ; however, the increases occurred at different levels and times. In the saline-sensitive genotype (BRS Ligeirinho), all genes showed increased expression up to 96 h, as well as the genes LTP10 and LTP25 with RQ values of 71.1 and 23.26, respectively, while for BRS Bojuru, the highest RQ values were observed between 48 and 72 h, with decreased expression observed at 96 h reaching values close to the control treatment (Figure 2A and G) .
Evaluation of the Pearson correlation data revealed 7 sequences with positive correlations (LTP7, LTP8, LTP12, LTP13, LTP14, LTP18, and LTP17) between genotypes, representing the LTPs with the most similar response between the 2 genotypes. LTP14 expression was shown to be strongly positively correlated between groups, indicating a similar response in the expression of this gene between genotypes. LTP25 expression was not correlated between genotypes (Figure 3) . Based on grouping analysis, the LTP18, LTP23, and LTP26 genes were more responsive to salt stress for both genotypes, but this response occurred at different times. For BRS Ligeirinho, higher expression of the LTP10 (71.1) and LTP25 (23.26) genes were observed at 96 h. LTP7 expression was higher than the control from 48 h for both genotypes. However, the saline-tolerant genotype showed higher expression at 96 h (13.01) compared to the saline-sensitive genotype (8.04). The other genes formed a similar grouping trend based on the RQ values, showing slightly different RQ values over time of stress exposure and between genotypes ( Figure 4A and B).
DISCUSSION
The increasingly frequent occurrence of saline irrigation water has become a primary problem in the production of irrigated rice (Zhang, 2007) . Because plants are sessile, they have developed a set of mechanisms that allow them to respond and adapt to biotic and abiotic stress conditions. Understanding these mechanisms and identifying genes related to the response to salinity is essential for identifying the metabolic pathways involved in the defense processes and, consequently, for developing molecular strategies to select rice plants that are more tolerant to this condition.
We examined differences in the expression of 11 genes in the LTP1 family in 2 rice genotypes with contrasting responses to saline stress. Differentially expressed genes were identified between the treatments and/or between genotypes. Of the genes identified as be- ing differentially expressed at 96 h of stress, LTP10 showed a high expression value that was 70-fold higher in the BRS Ligeirinho cultivar compared to the control treatment. In the BRS Bojuru cultivar, this same gene maintained a minimal expression pattern throughout the exposure to saline stress and is therefore a possible target molecular marker to identify genotypes sensitive to salinity.
The expression responses of the same gene under stress conditions can vary widely as a function of developmental stage, tissue or organ, type and intensity of stress, and genotype. Tapia et al. (2013) observed that expression of the LTP10 gene was induced in the leaves and stems of Lotus japonicus subjected to drought stress; however, its expression was repressed in the roots. Wang et al. (2009) examined the expression of the genes Th-LTP10, Th-LTP2, and Th-LTP3 of Tamarix hispida, and found that the expression of these genes was repressed by NaCl but induced by NaHCO 3 .
The LTP26, LTP23, and LTP18 genes showed increased expression in both the salinesensitive and saline-tolerant genotypes; however, expression levels and response times differed between the genotypes. In the saline-tolerant genotype, these genes were activated after 48 h of stress, decreasing to values close to control values at 96 h; this observation was in contrast to that of the saline-sensitive genotype, in which LTP26, LTP23, and LTP18 expression was increased with increasing stress time. This suggests that both plants use these genes in the acclimatization process.
The LTP8 and LTP13 genes showed the lowest induction by saline stress in the 2 genotypes, with a positive correlation in expression between them. Similar results were also obtained by Tapia et al. (2013) , who analyzed the expression of the LjLTP8 and LjLTP9 genes in the stems, leaves, and roots of L. japonicus under drought stress. LjLTP8 showed an unrepresentative increase in expression, while the expression of LjLTP9 remained at low transcription levels. Thus, these genes may not be useful for identifying genotypes that are tolerant or sensitive to salinity.
The data obtained in this study agree with those of Wang et al. (2012) , who evaluated the expression of different LTP loci in the rice genome in plants irrigated with 250 mM NaCl and observed that some loci showed different responses to salt. These authors observed increased expression of the genes Os11g24070, Os04g33920, and Os05g06780 in a 12-h exposure period to stress and that the genes Os12g02340, Os11g02400, and Os11g02369 showed no alterations in expression levels.
The involvement of LTP genes in the response to saline stress was also observed in other species such as barley (Hordeum vulgare L.). Federico et al. (2005) studied the expression of the LTP6 gene in barley plants under saline stress, cold stress, and ABA application and observed that increased expression of this gene was most significant under saline stress, reaching values of 3.3-vs 2.3-fold of the control levels after treatment with ABA and 1.6-fold the control under cold stress treatment.
Thus, our results and those of previous studies reinforce the importance of studies aimed at genetic families, as isoforms of genes belonging to the same family of proteins show different responses according to the environmental condition, development stage, genotype, or tissue evaluated.
In summary, the LTP7 gene showed higher expression levels in the saline-tolerant genotype (BRS Bojuru), while LTP10 was more highly expressed in the saline-sensitive genotype. Further studies should be conducted to identify molecular markers for the selection of contrasting genotypes for saline stress. LTP26, LTP10, and LTP23 showed contrasting expression responses between the genotypes and were negatively correlated.
